Introduction
Zinc Oxide (ZnO) has been attracting an increasing amount of attentions in many fields because of its wide direct band gap of 3.37 eV at room temperature and large excitation binding energy of 60 meV (Henni et al. 2016 ). ZnO forms in three different structures such as hexagonal wurtzite, cubic zinc blend and seldom in cubic rock salt. Wurtzite form is the most general structure and the zinc blend form can be obtained on substrate of which structure is cubic lattice. The rock salt form can be seen only relatively high pressure of 10 GPa (Ezenwa 2012) .
ZnO has attracted great interest over the last few years due to its unique physical properties and wide range of applications such as electro-optical, ferroelectric, pyroelectric and piezoelectric (Zhang et al. 2014) . These applications include optoelectronic devices (Wei et al. 2012) ZnO formation mechanisms were given following Equations (Park et al. 2015) .
In a previously study, ZnO films have been produced under a alternating magnetic but Zn(NO 3 ) 2 was used as an electrolyte and effects of magnetic field were searched only -0.9 V cathodic potential.
In this study, ZnCl 2 was used as an electrolyte and for the first time effects of magnetic field were searched at different cathodic potentials ranging from -0.8 V to the -1.16 V. It was found that alternating magnetic field increased energy band gap of the films from 3.54 eV up to 3.79 eV depending on decreasing of cathodic potential. The effects of magnetic fields on the some of the physical properties were investigated at different cathodic potentials.
Materials and Method
ZnO films were electrodeposited onto glass substrates whose surface coated with indium tin oxide (ITO). The electrodeposition procedure taken place with three-electrode which were saturated calomel electrode, a platinum wire and working electrode in using an aqueous solution of containing 0.05 MZnCl 2 and 0.1 M KCl as supporting electrolyte. In the all experiments, substrates (25 Ω/sq) were sunk in the solutions as to be perpendicular to the magnetic field. The substrates were cleaned in acetone, then ethanol (95%) for 5 minutes followed by rinsing with deionized water, and then, they were dried in ambient air before the depositions. The pHs of the final aqueous solutions were measured as to be 5.35. Before the depositions, aqueous solutions were saturated by oxygen for 30 minutes then stirred at 600 rpm and the temperature was kept at a constant value of 70 o C during the depositions. The experiments were separated in two main groups. One of the two group samples were deposited without the magnetic field and named as S1, S2, S3, S4 and S5 according to cathodic potentials of -0.8, -0.9, -0.99, -1,05 and -1.16 V respectively. In the other main group, samples were produced under alternating magnetic field which was described in detail in a previous study as to be modified method (Altıokka and Kıyak Yıldırım 2016) . In the modified method, samples were deposited under alternating magnetic field a constant value of 6.5 mT and experiments were named as M1, M2, M3, M4 and M5 according to cathodic potentials of -0.8, -0.9, -0.99, -1,05 and -1.16 V respectively. The conditions of the experiment are summarized in Table 1 .
The amplitudes of the magnetic fields and the structural properties were analyzed by using a Unilab teslameter and a PANalytical Empyrean XRD respectively. The optical properties of the ZnO films were analyzed by using absorbance measurements for both groups with JASCO V-530 UV-vis. The surface morphology of the ZnO films were investigated by a Zeiss SUPRA 40VP SEM. 
X ray diffraction analysis
The current density curves during the electrodeposition process for S series and M series are shown in Figure 1 and Figure 2 respectively. In the both groups, the films thickness can be calculated using Faraday's law which is given the following formula:
where Q is the charge, n is the number of electrons transferred, A is the surface area, F is Faraday's number, ρ is the density (5.6 g/cm 3
) and M is the 81.4 g/mol for ZnO (Valdés et al. 2010) . These thicknesses are the approximate values because of the fact that the current efficiency during the electrodeposition process is assumed to be 100%. Due to the approach the film thicknesses also were calculated gravimetric method. The calculated film thicknesses from the both groups are given in Table 2. When Table 2 is analyzed, the film thicknesses are increased depend on the increasing cathodic potential and it was seen that the thicknesses of the film obtained in both groups are the approximately same. Figure 3shows the X-ray diffraction patterns of ZnO films deposited without the magnetic field and shows seven peaks and these peaks are due to the diffraction of (010), (002), (011), (012), (110), (013) and (112) planes. All the diffraction indexed to the hexagonal structure of ZnO. Figure 4 shows the X-ray diffraction patterns of ZnO films deposited under the magnetic field and shows seven peaks and these peaks are due to the diffraction of (010), (002), (011), (012), (013), (110) and (112) planes. All the diffraction peaks link to the hexagonal structure of ZnO. The texture coefficients of the films deposited under alternating magnetic field are given in Table 4 . The preferred orientation of the film obtained in M5 is the (001) while 
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It was concluded that magnetic field effect the formation of crystal and correspondingly crystallite sizes.
Optical Properties of the Films
The optical properties of the films were analyzed by using absorbance measurements at wavelengths ranging from 300 nm to 600 nm. The absorbance measurements versus wavelength of the films obtained in S series and M series are given in Figure 5a and 5b respectively. The films which were obtained in without magnetic field show high absorbance at wavelength of average 360 nm. On the other hand the films which were obtained under the magnetic field show high absorbance at wavelength of average 350 nm. Figure 6a and Figure 6b shows the transmittances of the ZnO films produced without magnetic field and under the magnetic field respectively. It is understood from Figure 6 that the ZnO films obtained at -0.90 and -0.99 V show relatively high transmittance while the others show average 15% transmittance. These results may be resulted from both that of the others are (002) except for film obtained in M1.
The peak intensities of the films produced in S2, S3 and S4 are higher than that of the other films obtained in this group. XRD pattern results shows S1,S2,S3 and S4 have only one intense diffraction peak that located at average 34° indicating that (002) is the preferential crystal orientation.
The Scherrer method is used to calculate crystallite sizes and it is given by Eq. 6.
Where D is the crystallite size, λ is the wavelength of X-ray radiation, β is the (FWHM) full with half maximum of peak height, θ is the Bragg's angle and K is the Scherrer constant (Mahdi et al. 2015) . The crystallite sizes were calculated Sherrer equation and seen in Table 2 . The crystallites sizes of the films obtained in S series are varying between 40 and 48 nm while that of the films obtained in M series vary from 35 nm to 40 nm depending on the increasing cathodic voltage. 
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3.50 eV and 3.63 eV for ZnO nanocrystals obtained in without magnetic field which are listed in Table 2 . These values didn't show any relation between the band gaps and chatodic voltages. The band gaps of the films produced under magnetic field increased proportionally from the 3.60 eV to the 3.79 eV according to the decreasing cathodic voltage. These results showed that the magnetic field increased band gaps of the films due to decreasing crystallite size. As the cathodic potential increased the effects of magnetic field decreased and the crystallite size increased accordingly.
Surface Morphologies of the Films
Surface morphologies of the films were analyzed by using a SEM with coated platinum. The surfaces were magnified both 10000X and 50000X and these two images were given in single figure. The surface images of the films obtained in S series were given in Figure 8 for different cathodic voltages.
good crystallization and relatively low film thicknesses of ZnO films. The thicknesses of the films obtained at -0.80 V are also relatively low but crystalization of these films are relatively poor therefore these films show low transmittance
The optical energy gaps of ZnO the films were calculated Tauc relation which is given in Eq. 7 for direct allowed transition.
hv A hv Eg
Where α is the absorption coefficient, A is a constant, hν is the photon energy, and Eg is the band-gap (Yilmaz et al. 2012) . The Tauc plots of the films obtained in without magnetic field and under the magnetic field are given in Figure 7a and 7b respectively.
The band gaps were calculated using a graphical plot of (αhν) 2 versus hν given in Fig 7a and 7b .The extrapolation of the curves to the energy axis gave band gaps of between 
Conclusion
In this work, ZnO films were produced both without magnetic field and under magnetic field for different cathodic voltages and were compared each other. The structural analyses were studied by XRD. The XRD results showed that when the magnetic field was applied, the crystallite sizes decreased from an average of 44 nm to anaverage of 37 nm. The magnetic field may scatter ions in the solutions and therefore it may effect the crystallization of the films and naturally crystallite sizes. Magnetic field also changed the optical properties,which are measured by UVvis spectrophotometer, such as band gap. The energy gaps of the films produced without magnetic field varied between 3.50 and 3.63 eV and the relation between the band gap and It is shown from the Figure 8a that ZnO particles formed in polymorphic form with an average 600 nm size and the surface of the other films of S series were covered with nanorods. On the surface of the film obtained at -0.99 V the rods are very dense and this film is very compact but the surfaces of the films produced at below or above of -0.99 V were covered with sparse nanorods. The surface images of the films produced under magnetic field are given in Figure 9 . It is shown from the Figure 9 that surfaces of the films obtained at -0.90 V, -0.99 V and -1.05 V were covered with fibrous cable like structure and they were formed in dense and compact form. On the other hand when the film was produced at -1.16 V, the surface consisted of lace like structure. In the literature, there is no both fibrous cable and lace like structure. 
